Introduction
============

Gastrointestinal (GI) cancers, which refer to the cancers generated from esophagus, stomach, intestine, gallbladder, liver, and pancreas, collectively rank as the most lethal cancers worldwide.[@b1-ott-8-3115] In 2012, the high incidence of GI cancers involves an estimated 284,680 new cases and 142,510 deaths in United States.[@b2-ott-8-3115] Despite advances in the diagnosis of GI cancers, these cancers are often being detected rather late in their course, as the detection relies heavily on symptomatic reporting and on nonspecific screening methods.[@b3-ott-8-3115] Most of the patients are diagnosed at the late stage and lose the opportunities of effective medical interventions, and \~20%--45% of those who undergo curative resection subsequently develop tumor recurrence or distant metastasis due to highly aggressive nature of GI cancers.[@b4-ott-8-3115] Thus, diagnosis of GI cancers at an early stage is of utmost importance for reducing GI cancer-associated mortality.

Dickkopf-1 (DKK1) is a known inhibitor of the Wnt signaling pathway, which plays an important role in a variety of cellular processes, including proliferation, differentiation, survival, apoptosis, and cell motility.[@b5-ott-8-3115]--[@b7-ott-8-3115] Since its discovery, abnormal DKK1 expression has been reported to be associated with diagnosis, prognosis, metastasis, and even survival in a variety of neoplasms.[@b8-ott-8-3115]--[@b12-ott-8-3115] As a small secretary protein with 266 amino acid (35 kDa), serum DKK1 level has been found to be increased in patients with different cancers.[@b8-ott-8-3115],[@b13-ott-8-3115]--[@b16-ott-8-3115] However, the diagnostic accuracy of DKK1 for different GI cancers was inconsistent or even contradictory in literature, which may be explained in part by different cancer types, study design, sample size, and ethnicity. In the present study, we performed a meta-analysis and estimated the pooled accuracy of DKK1 detection in diagnosing GI cancers.

Materials and methods
=====================

Literature search
-----------------

A systematic literature search of PubMed, Web of Science, Embase, Chinese National Knowledge Infrastructure, and WANFANG databases was conducted to identify the related studies published before May 1, 2015, which investigated the diagnostic value of serum DKK1 for GI cancers. The following search terms were used: "gastrointestinal cancer", "gastrointestinal carcinoma"; "Dickkopf-1", "DKK1"; "blood", "serum", "circulating"; "diagnosis"; and "sensitivity and specificity" were used individually and in various pairwise combinations. All eligible studies were retrieved, and their bibliographies were checked for other relevant publications. No limitation was set on the language of the article.

Inclusion and exclusion criteria
--------------------------------

All eligible studies satisfying the following criteria were included in the meta-analysis: 1) DKK1 level was determined; 2) all patients diagnosed with GI cancer, irrespective of their age and cancer stage; 3) sensitivity (SEN) and specificity (SPE) of DKK1 were reported to provide sufficient information to construct 2×2 contingency tables, or sufficiently detailed data were presented to derive these numbers. Exclusion criteria were as follows: 1) incomplete data to construct 2×2 contingency tables, 2) duplicate studies, and 3) reviews, letters, and comments.

Data extraction and quality assessment
--------------------------------------

Data extraction was performed independently by two authors using a standardized data extraction form including the following elements: author's name, publication year, country, number of cases and controls, control source, test method, SEN and SPE data, and cutoff value. Two investigators assessed the risk of bias in each study by using the Quality Assessment of Diagnostic Accuracy Studies 2 tool. Any disagreement was resolved by consensus.

Statistical analysis
--------------------

The data were analyzed using Stata 12.0 (StataCor LP, College Station, TX, USA) and Meta-disc 1.4 (XI Cochrane Colloquium, Barcelona, Spain) softwares. In this meta-analysis, the pooled SEN, pooled SPE, positive likelihood ratio (PLR), negative likelihood ratio (NLR), diagnostic odds ratio (DOR), and 95% confidence interval (CI) were calculated using the DerSimonian--Laird method. The present study used Moses linear model to draw a summary receiver--operating characteristic (SROC) curve, which summarized the joint distribution of SEN and SPE. An examination of the potential sources of heterogeneity is indispensable for any meta-analysis before pooling the data from the included studies into summary assessments. We used a Spearman correlation analysis to quantify the heterogeneity due to the threshold effect among the included studies. Moreover, the Cochran *Q*-test and the inconsistency index (*I*^2^) test were used to assess the nonthreshold effect. When the result of the *Q*-test and *I*^2^ statistics suggested heterogeneity (*P*≤0.05 and *I*^2^\>50%), a random-effects model (DerSimonian--Laird method) was used; otherwise, fixed-effects model (Mantel--Haenszel method) was adopted. The Deeks' funnel plot was used to estimate the potential publication bias among studies, and *P*\<0.05 was considered to be representative of a significant statistical publication bias.

Results
=======

Characteristics of the included studies
---------------------------------------

Flow chart for study selection is shown in [Figure 1](#f1-ott-8-3115){ref-type="fig"}. We identified 215 references from electronic databases using the previously described strategy. According to the inclusion criteria, 35 studies were retrieved and required further evaluation after screening the title, abstract, or both. With further screening of full texts, 20 studies were excluded for various reasons. Finally, a total of 15 studies with 5,076 participants were identified for the meta-analysis.[@b17-ott-8-3115]--[@b31-ott-8-3115] Of the 15 studies, three of the studies involved patients with gastric cancer (GC),[@b17-ott-8-3115],[@b25-ott-8-3115],[@b27-ott-8-3115] eight involved patients with hepatocellular carcinoma (HCC),18,20,21,23,26,30--32 two involved patients with pancreatic cancer (PC),[@b19-ott-8-3115],[@b24-ott-8-3115] one involved patients with esophageal cancer,[@b22-ott-8-3115] and one involved patients with colorectal cancer.[@b28-ott-8-3115] Sample size of the included studies ranged from 63 to 831. The characteristics of the 15 included studies are listed in [Table 1](#t1-ott-8-3115){ref-type="table"}.

Quality assessment of the included studies
------------------------------------------

The methodological quality of the included studies is summarized in [Figure 2](#f2-ott-8-3115){ref-type="fig"}. The results of Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) indicated that the four studies showed high risk of bias and one study showed uncertain bias due to the case--control study design or inexplicit report. As for index test, the overwhelming majority (82.4%) studies were at high or uncertain risk due to insufficient information to judge whether the diagnostic threshold was not prespecified. Although we could not judge whether these studies were interpreted blind, three studies were at high risk or uncertain risk for reference standard. Concerning the flow and timing domain, six studies were considered at uncertain bias because the authors did not disclose whether all of the participants received the same reference standard.

Quantitative data synthesis
---------------------------

The pooled estimates of GI cancers for the diagnostic accuracy of serum DKK1 are presented in [Table 2](#t2-ott-8-3115){ref-type="table"} and [Figure 3](#f3-ott-8-3115){ref-type="fig"}. The pooled results of SEN, SPE, PLR, NLR, and DOR for DKK1 test were 0.72 (95% CI: 0.70--0.74), 0.90 (95% CI: 0.89--0.91), 7.72 (95% CI: 4.90--12.14), 0.29 (95% CI: 0.22--0.39), and 28.95 (95% CI: 16.25--51.65), respectively. The present study used Moses' linear model to draw SROC curve, which summarized the joint distribution of SEN and

Heterogeneity assessment and subgroup analysis
----------------------------------------------

All five performances showed high *I*^2^ value (SEN, 92.1%; SPE, 89.8%; PLR, 93.5%; NLR, 94.0%; and DOR, 90.6%) among the included studies, indicating that significant heterogeneity existed among the eligible studies. The Spearman correlation coefficient between the logic of SEN and the logic of 1 − SPE was −0.147 (*P*=0.561), indicating that the heterogeneity among eligible studies was not caused by the threshold effect. To access the heterogeneity between studies, subgroup analysis based on cancer type (HCC, GC, PC, and others), control origin (healthy controls or mixed controls), and sample size (≤200 or \>200) was conducted.

The pooled SEN, SPE, PLR, NLR, and DOR for each subgroup are displayed in [Table 2](#t2-ott-8-3115){ref-type="table"}. We found that HCC subgroup had a pooled SEN of 0.69, SPE of 0.92, PLR of 9.41, NLR of 0.32, DOR of 32.10, and the area under curve (AUC) of 0.8730. For GC subgroup, the pooled SEN was 0.87, SPE was 0.90, PLR was 7.84, NLR was 0.14, DOR was 72.35, and the AUC was 0.9479. For PC subgroup, the pooled SEN was 0.86, SPE was 0.83, PLR was 7.63, NLR was 0.18, and DOR was 34.84. The SEN of DKK1 in diagnosis of GC and PC may be higher than HCC subgroup, and the SPE in PC subgroup was lower than HCC and GC subgroups. With respect to the difference between healthy controls and mixed controls (benign diseases and healthy controls), the SEN, SPE, and AUC for healthy control subgroup were 0.71, 0.80, and 0.9250, respectively, and for mixed control subgroup, the corresponding values were 0.71, 0.82, and 0.9028, providing additional evidences that DKK1 has similar diagnostic performance using different controls. We further performed an analysis based on the sample size. We found that small size subgroup (≤200) had higher diagnostic accuracy than that of large size subgroup, with a SEN of 0.64 versus 0.73, SPE of 0.95 versus 0.90, PLR of 11.23 versus 7.10, NLR of 0.33 versus 0.28, DOR of 42.57 versus 25.63, and AUC of 0.9616 versus 0.8636, which indicated that sample size may be an important influence factor for diagnosis of GI cancer.

Publication bias
----------------

Publication bias of the included studies was checked by Deeks' funnel plot asymmetry test. As shown in [Figure 5](#f5-ott-8-3115){ref-type="fig"}, the slope coefficient was associated with a *P*-value of 0.30, and the funnel plots were almost symmetric, which suggested no significant publication bias.

Discussion
==========

Due to the lack of sensitive and specific screening methods, GI cancer is the leading cause of malignancy-related mortality in the world. Timely and accurate diagnosis of GI cancers is critical for patient prognosis. Therefore, a large number of studies on the search for ideal candidate biomarkers of GI cancers is still ongoing. In this meta-analysis, we found that DKK1 yielded a SEN of 0.72 (95% CI: 0.70--0.74), a SPE of 0.90 (95% CI: 0.89--0.91), and AUC of 0.8901 in diagnosis of GI cancer, which exhibited a significant advantage over other biomarkers.

DKK1 is one of the four members of a family of secreted extracellular Wnt inhibitors that block signaling from plasma membrane Wnt-receptor complexes.[@b7-ott-8-3115],[@b34-ott-8-3115] Because the Wnt pathway plays an important role in cancer, DKK1 may also play an important role in cancer. Normally, DKK1 messenger RNA is expressed at low levels in most normal human tissues with the exception of the placenta.[@b35-ott-8-3115],[@b36-ott-8-3115] To date, a wide range of DKK1 expression levels has been reported at various phases of tumorigenesis in multiple cancers including prostate, breast, colorectal, esophageal, lung, stomach, liver, and multiple myeloma.[@b11-ott-8-3115],[@b36-ott-8-3115]--[@b42-ott-8-3115] Previous studies have mainly focused on detecting DKK1 expression in tumor tissue by reverse-transcription PCR and immunohistochemical methods. Compared with serologic assay, however, the effectiveness of immunohistochemical assay is limited owing to poor objectivity and low quantitative analytic power. Therefore, determination of circulating DKK1 level in patients with cancers may provide a useful index of tissue DKK1 status, especially in light of the availability of relatively easy and inexpensive methods and the simplicity of sample collection.[@b16-ott-8-3115] Recently, an increased serum DKK1 level has been reported to be useful as a biomarker in cancers. Although diagnostic role of DKK1 has not yet been well elucidated thus far, we performed a comprehensive meta-analysis and estimated the pooled accuracy of DKK1 for GI cancer detection.

Our data showed promising accuracy of serum DKK1 in diagnosing GI cancers, in which the overall pooled SEN was 0.72 and SPE was 0.90, with an AUC of 0.8901, suggesting that DKK1 achieved a relatively high accuracy for GI cancer detection. According to Hosmer and Lemeshow, the AUC between 0.80 and 0.90 can be regarded as "good". However, the PLR value was 7.72, indicating that patients with GI cancers had a 7.72-fold higher chance of a positive DKK1 assay compared with patients without GI cancers. Similarly, the NLR indicated that, if the DKK1 assay was negative, the probability of these patients developing GI cancers was 29%. The DOR, as a single indicator measure of the accuracy of a diagnostic test,^43^ describes the odds of positive results in patients with the disease compared to the results in patients without disease. Thus, higher DOR values indicate better discriminatory test performance. The DOR in our study was 28.95, implying that DKK1 levels may be useful in diagnosing GI cancers.

Due to the significant heterogeneity, we conducted subgroup analysis based on the following variables such as cancer type, control origin, and sample size. Notably, our analysis based on cancer type showed that DKK1 yielded an overall SEN of 0.87, an overall SPE of 0.90, and AUC of 0.9479 for diagnosis of GC, suggesting that DKK1 may be a better biomarker in GC than HCC and PC. Moreover, in terms of control origin, HC control and mixed control subgroups yielded a similar SEN and AUC, implying that different control origins were not important influence factor for diagnosis of GI cancer. Additionally, subgroup analysis on the sample size showed that diagnostic performance in small size subgroup was better than large size subgroup, displaying that a large sample size might be more objective. Therefore, our results showed the existence of the link between DKK1 level and diagnosis of GI cancer. This is partly in accordance with some previous research. Considering this, it is highly possible that serum DKK1 could become a potential marker for the prediction of GI cancers.

Although we evaluated the diagnostic value of serum DKK1 on detecting GI cancers in this meta-analysis, there are inevitable limitations in interpreting our results. First, although all eligible studies were retrieved using different databases as thoroughly as possible, the sample sizes of the included studies were still insufficient, particularly for some subgroup analyses. Notably, the results of GC subgroup and PC subgroup analysis were pooled from three and two studies, respectively, and this could compromise the accuracy of the data. Second, considerable heterogeneity was found in the pooled estimates. The small number of studies and insufficient information does not allow further exploration of the source of heterogeneity. Some factors that may have contributed to this heterogeneity cannot be assessed or adjusted. Third, the studies with positive results are more easily to be published, and some relevant studies with negative results may be overlooked, which would affect the estimation of the pooled diagnostic accuracy.

Conclusion
==========

The currently available evidence suggests that serum DKK1 is a potential biomarker with high SEN and SPE for screening GI cancers. However, further observations are needed due to the limitations of this study described earlier.
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![Deeks' funnel plot for publication bias.\
**Abbreviation:** ESS, effective sample size.](ott-8-3115Fig5){#f5-ott-8-3115}

###### 

The characteristics of 15 eligible studies

  Author                           Year   Country                      Cancer type   Case/controls   Control type              Test method   Cutoff values    SEN/SPE
  -------------------------------- ------ ---------------------------- ------------- --------------- ------------------------- ------------- ---------------- ---------------
  Lee et al[@b17-ott-8-3115]       2012   Korea                        GC            153/173         HC                        ELISA         31.9150 pg/mL    87.6%/87.9%
  Shen et al[@b18-ott-8-3115]      2012   People's Republic of China   HCC           424/407         HBV, LC, and HC           ELISA         2.153 ng/mL      69.1%/90.6%
  Shen et al[@b18-ott-8-3115]      2012   People's Republic of China   HCC           209/244         HBV, LC, and HC           ELISA         2.153 ng/mL      70.9%/90.5%
  Han et al[@b19-ott-8-3115]       2015   People's Republic of China   PC            140/92          Benign, HC                ELISA         1,560.02 pg/mL   89.3%/79.3%
  Bo and Qin[@b20-ott-8-3115]      2014   People's Republic of China   HCC           69/71           Benign, HC                ELISA         NA               69.6%/95.8%
  Tong et al[@b21-ott-8-3115]      2014   People's Republic of China   HCC           103/423         HBV, LC, and HC           ELISA         NA               71.8%/93.6%
  Li et al[@b22-ott-8-3115]        2009   People's Republic of China   EC            80/35           HC                        ELISA         14.54 ng/mL      66.25%/82.86%
  Qin and Bo[@b23-ott-8-3115]      2014   People's Republic of China   HCC           112/148         Benign, HC                ELISA         2.16 ng/mL       74.1%/94.6%
  Wang et al[@b24-ott-8-3115]      2014   People's Republic of China   PC            44/19           Benign                    ELISA         NA               76.9%/100.0%
  Zhang et al[@b25-ott-8-3115]     2010   People's Republic of China   GC            34/38           HC                        ELISA         3.539 μg/mL      61.8%/84.2%
  Zhong et al[@b26-ott-8-3115]     2015   People's Republic of China   HCC           81/150          HBV, LC, and HC           ELISA         4.48 ng/mL       71.6%/90.0%
  Gomceli et al[@b27-ott-8-3115]   2012   Turkey                       GC            60/60           HC                        ELISA         25 U/mL          100%/100%
  Soydinc et al[@b28-ott-8-3115]   2011   Turkey                       CRC           295/90          HC                        ELISA         29.36 ng/mL      59.3%/50.0%
  Yang et al[@b31-ott-8-3115]      2013   People's Republic of China   HCC           104/342         HBV, LC, benign, and HC   ELISA         4.14 ng/mL       76.0%/93.8%
  Yang et al[@b31-ott-8-3115]      2013   People's Republic of China   HCC           80/256          HBV, LC, benign, and HC   ELISA         4.14 ng/mL       73.8%/95.6%
  Tung and Ng[@b29-ott-8-3115]     2012   Hong Kong                    HCC           100/50          HBV                       ELISA         1,209 pg/mL      30.43%/100%
  Ge et al[@b30-ott-8-3115]        2015   People's Republic of China   HCC           89/301          HBV, LC, and HC           ELISA                          79.78%/89.37%

**Abbreviations:** SEN, sensitivity; SPE, specificity; GC, gastric cancer; HC, healthy control; ELISA, enzyme-linked immunosorbent assay; HCC, hepatocellular carcinoma; LC, liver cirrhosis; PC, pancreatic cancer; NA, nonavailable; EC, esophageal cancer; CRC, colorectal cancer; HBV, hepatitis B virus.

###### 

Summary of subgroup analysis of the included studies by different study characteristics

  Variables        Number of studies   SEN (95% CI)        SPE (95% CI)        PLR (95% CI)         NLR (95% CI)        DOR (95% CI)           AUC
  ---------------- ------------------- ------------------- ------------------- -------------------- ------------------- ---------------------- --------
  Overall          15                  0.72 (0.70--0.74)   0.90 (0.89--0.91)   7.72 (4.90--12.14)   0.29 (0.22--0.39)   28.95 (16.25--51.65)   0.8901
  Cancer type                                                                                                                                  
   HCC             8                   0.69 (0.66--0.71)   0.92 (0.91--0.93)   9.41 (7.38--12.00)   0.32 (0.23--0.44)   32.10 (23.79--43.30)   0.8730
   GC              3                   0.87 (0.82--0.91)   0.90 (0.86--0.93)   7.84 (2.67--23.07)   0.14 (0.03--0.61)   72.35 (7.74--67.55)    0.9479
   PC              2                   0.86 (0.81--0.91)   0.83 (0.75--0.89)   7.63 (1.14--50.96)   0.18 (0.10--0.32)   34.84 (17.07--71.09)   NA
  Control origin                                                                                                                               
   HC              10                  0.71 (0.69--0.73)   0.92 (0.91--0.93)   8.86 (6.84--11.48)   0.29 (0.22--0.40)   32.18 (24.57--42.14)   0.9250
   Mixed           5                   0.71 (0.62--0.79)   0.84 (0.81--0.87)   8.47 (3.31--21.69)   0.31 (0.20--0.49)   32.74 (10.81--99.15)   0.9028
  Sample size                                                                                                                                  
   ≥200            9                   0.73 (0.70--0.75)   0.90 (0.89--0.91)   5.43 (3.65--8.06)    0.31 (0.26--0.37)   18.10 (11.00--29.78)   0.8189
   \<200           6                   0.64 (0.59--0.68)   0.95 (0.91--0.97)   7.10 (4.06--12.42)   0.28 (0.22--0.37)   25.63 (12.64--51.95)   0.8636

**Abbreviations:** SEN, sensitivity; CI, confidence interval; SPE, specificity; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio; AUC, area under curve; HCC, hepatocellular carcinoma; GC, gastric cancer; PC, pancreatic cancer; NA, nonavailable; HC, healthy control.
